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The structure and development of the plant association* 
HENRY ALLAN GLEASON 


Ecological literature has recently been enriched by the pub- 
lication of an exceedingly important book (Clements, 3) on the 
structure and development of vegetation. Not only does the 
book present a thorough and detailed analysis of vegetation, 
based on the researches of the author, but it also reviews the 
theories and summarizes the facts from a vast array of the eco- 
logical literature. For all of its contents the working ecologist is 
grateful, although it is probable that some of the more radical 
ideas of the author may be accepted reluctantly and that others 
may be rejected completely. 

Certain features of the monograph can scarcely be reconciled 
with his own by the writer of the present article. Since this 
paper does not pretend to be either a critique or a review, the 
writer will not attempt to discuss his objections in detail, but will 
merely mention what these features are. The chief one of them 
is the view of Clements, first expressed in 1905 (2), that the unit of 
vegetation (irrespective of its scope or of the term used to designate 
it) is an organism. Clements has also so enlarged the scope of 
the vegetational unit that it includes in his monograph not only 
a climax but also all the successional series leading to the climax. 
Thirdly, as a direct result of these two features, he has portrayed 


, ° . °- 
the phenomena of vegetation as exceedingly complex, requiring 


[The BULLETIN for September (44: 411-462) was issued September 15, 1917.] 
* Contribution No. 165 from the Botanical Department of the University of 
Michigan. 
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the introduction of several new terms into an already burdened 
terminology. Lastly, in developing his analytical scheme, several 
apparent exceptions have been excluded by definition. 

Of the actual existence of definite units of vegetation there is 
no doubt. That these units have describable structure, that they 
appear, maintain themselves, and eventually disappear are ob- 
servable facts. That to each of these phenomena a definite or 
an apparent cause may be assigned is evidenced by almost any 
piece of recent ecological literature. But the great mass of eco- 
logical facts revealed by observation and experiment may be classi- 
fied in different ways, and from them general principles may be 
derived which differ widely in their meaning or even in their 
intelligibility. 

There is offered in the following pages a series of general prin- 
ciples in explanation of the usual phenomena of vegetation, based 
chiefly on observations of the writer in his own field work. Some 
of these appear almost axiomatic in nature, and none can be sup- 
ported here by a considerable volume of ‘illustration because of 
lack of space. In general, they are synthetic rather than ana- 
lytic in nature, and have been arranged to follow each other as 
nearly as possible in logical order. 


I. THE INDIVIDUALISTIC CONCEPT OF ECOLOGY 


1. The life of an individual plant is maintained and trans- 
mitted to its progeny by a complex of functions, operating by 
means of a complex of structures. Vegetation, in its broader 
aspects, is composed of a number of plant individuals. The 
development and maintenance of vegetation is therefore merely 
the resultant of the development and maintenance of the com- 
ponent individuals, and is favored, modified, retarded, or inhibited 
by all causes which influence the component plants. 

According to this view, the phenomena of vegetation depend 
completely upon the phenomena of the individual. It is in sharp 
contrast with the view of Clements that the unit of vegetation is 
an organism, which exhibits a series of functions distinct from 
those of the individual and within which the individual plants 
play a part as subsidiary to the whole as that of a single tracheid 
within a tree. 
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It is true that various analogies may easily be drawn between a 
unit of vegetation and an organism, but these analogies are always 
more apparent than real, and never rise to the rank of homologies. 
For example, it is obvious that an association may appear on a 
new area, develop to maturity, and finally disappear, but these 
phenomena are in nowise comparable to the life history of an 
individual. A spore of Rhizopus, for example, given the proper 
environment, will grow to maturity and reproduce without the 
presence of any other living organism. The first pioneer species 
of an association, on the other hand, will merely reproduce them- 
selves, and maturity of the association will never be reached unless 
its other species are also present in a neighboring area. Similar 
exceptions may be taken to all other analogies between the in- 
dividual and the association, designed to demonstrate the organic 
entity of the latter. 

2. Certain common phenomena of the plant individual, namely, 
migration of germules, germination, and growth, when performed 
en masse by numerous individuals, may produce visible effects 
which are worthy of special study and which demand a special 
terminology. Among these effects may be mentioned the structure 
of the plant association and of the subsidiary assemblages of plants 
within it, its space relation to neighboring associations, its de- 
velopment, and its ultimate disappearance. 


II. THE ENVIRONMENT 


3. The functions of the individual plant demand a proper 
environment for their operation. Any effective variation in the 
environment causes a variation in the performance of these 
functions, and many environmental changes produce also a vari- 
ation in morphological structure. All these results may be in- 
vestigated by experimental methods, and fall properly within the 
domain of morphology and physiology. 

4. A fixed environment is probably never necessary to the life 
of any individual plant, and certainly never to any spermatophyte. 
Each individual is capable of existing under a variety of environ- 
mental conditions; as a simple example, the annual variation in 
temperature may be mentioned. Also, a fixed environment is not 
necessary to the life of all the individuals of one species. 
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The environment of a plant consists of the resultant of all the 
external factors acting upon it. Therefore individuals of the same 
species may occupy apparently different habitats and have differ- 
ent associates in different localities. This has been shown by 
numerous observers, and was definitely mentioned by Cowles in 
his classic paper of 1901 (4, p. 83). With one environmental factor 
near the optimum, others may apparently be near the minimum. 
Thus the tamarack, which in southern Michigan is confined to 
peat bogs, in Isle Royale occurs even in crevices in vertical rock 
cliffs. 

Restriction of a certain type of environment to one portion of 
the range of a species may produce geographic variation in its 
structure, and possibly has a causative relation to the evolution 
of species. A well-known example is the Douglas fir, with its 
coastal and inland forms. 

5. To state the matter with unnecessarily great refinement, it 
is probable that no two natural habitats have identical environ- 
ments, and that no two species make identical environmental 


demands. 
III. MIGRATION AND SELECTION 


6. For continuous existence, every species has some form of 
reproduction. This invariably leads to the establishment of a 
new individual at some distance from the parent. Whether this 
distance be great or small, its passage by the germule constitutes 
migration. 

The agents of migration, the devices of the germules which 
utilize the agent, the distance over which migration is probable, 
and other phases of the subject have all been frequently discussed 
in detail, and need no further mention here. 

7. Migration may bring the germules into new types of en- 
vironment, some of which may be effectively different from that 
of the parent plant. The extent of this effect depends upon the 
environmental diversity of the region and upon the mobility of 
the plant. For’plants of little mobility, or for more mobile plants 
in a large area of essentially uniform environment, migration does 
not normally bring the germules into a new type of habitat. In 
general, also, there is no selective feature of migration by which 
the germule is regularly carried into areas of favorable environ- 
ment. 
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8. Migration into an area comes only from the surrounding 
plant population within reach by the usual migration agents. 
The more mobile immigrants may therefore be drawn from a com- 
paratively large area, while the immobile species must come from 
contiguous areas. The relation between migration and proximity 
has already been pointed out by Clements (1, p.60). In general, for 
germules of equal mobility, it seems that the number entering any 
area varies inversely as the square of the distance of the source. 
This has been demonstrated for short migrations only. It is 
probable that beyond a distance which might be called the normal 
migration limit the migration of germules is only accidental. The 
actual population from which the immigrants of an area may be 
drawn is therefore a limited one occupying the surrounding region. 

Within reasonable limits, depending upon the mobility of the 
species concerned, the immigrants of neighboring areas are similar, 
because they are derived from the same surrounding population. 
This is shown clearly in forest clearings, detached examples of 
which in the same region are immediately invaded and occupied 
by the same species. Conversely, the immigrants of widely sepa- 
rated regions are more or less dissimilar, even though their environ- 
ments may be essentially alike. 

g. Ot all the immigrants into any area, only those may establish 
themselves which find in it environmental conditions within the 
limit of their own environmental demands. The actual mature 
immigrant population of an area is therefore controlled by two 
sets of factors: the nature of the surrounding population, deter- 
mining the species of immigrants as explained in the preceding 
paragraph, and the environment, selecting the adapted species. 

The difficulty of demonstrating the extent of migration and 
the species involved is at once apparent, since the migrating 
germules are almost always minute and difficult of detection 
among the native vegetation. Occasionally the interruption or 
modification of environmental selection permits the ecesis of 
unusually large numbers of individuals of a species which would 
otherwise have been excluded, and affords accordingly an idea of 
the great number of unsuccessful immigrating germules. [llus- 
trations of this are commonly observed and only a single example 
need be cited. In the sand-dune region of Illinois, the single 
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passage of a wagon across the sand may bury to a proper depth 
for germination thousands of seeds of Cassia Chamaecrista, so 
that the course of the wagon is marked during the following 
summer by parallel lines of the plants. Obviously, migration 
has been general over the whole area, but environment has 
prevented ecesis except in this particular path. 

10. The germules of the native species of any area are subject 
to the same environmental selection as those of the immigrants. 
But, since progeny generally closely resembles parent in structure 
and function, and accordingly in environmental demands, suc- 
cessive generations of native species and of successful immigrants 
may occupy an area continuously, unless the environment changes 
beyond the limits of the species, or the species vary into forms with 
new environmental demands. 

11. In general, and for the average area, opportunities for 
immigration have existed for so long a time that a complete 
selection from the surrounding population has been made. Such 
areas, therefore, show no changes in their population from year 
to year until the environment or the surrounding population 
becomes changed. The effects of such changes are discussed in 
part VII of this paper. When they occur, the resulting change in 
the component species is at once evident, since migration has con- 
tinually supplied the area with the germules of hitherto unsuccess- 
ful species. 


IV. THE ASSOCIATION, ITS SIZE AND BOUNDARIES 


12. Whether the population is immigrant or native, it is 
always subject to the selective action of the environment. In 
the same limited region, that is, with the same surrounding popu- 
lation, areas of similar environment, whether continuous or de- 
tached, are therefore occupied by similar assemblages of species. 
Such an assemblage is called a plant association. 

The term to be applied to such an assemblage, whether associ- 
ation, formation, or something else, and the method of character- 
izing and distinguishing one from another, are still matters of 
discussion. The writer believes that the term association is the 
best designation, and that this term has been applied by a majority 
of ecological authors to just such assemblages as those defined 
above. 
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13. One of the most important features of the environment is 
the control or modification of the original physical factors by the 
plant population itself. This action of plant life has been discussed 
repeatedly and requires no further argument here. As simple 
examples only, there may be mentioned the reduction of the light 
for the smaller plants by the crowns of the larger ones, and the 
modification of soil by the addition of organic substance. This 
control is in general directly proportional to the density of the 
plant population. In areas whose physical environment is gener- 
ally genial and favorable to the development of numerous indi- 
viduals, the resulting dense vegetation controls to a large degree 
the original physical factors, and this environmental control is of 
greater importance than those in the selection of the plant popu- 
lation. 

It is at once obvious that, as a result of environmental control, 
the associated species of even the most limited area do not always 
enjoy the same environment. Thus the relations of a mature 
forest tree to light, wind, and soil are very different from those 
of the shallow-rooted, shade-loving, secondary species beneath it. 

The physical factors of the environment generally vary gradu- 
ally in space. Exceptions to this condition may easily be found 
in the soil factor, where sharp variations frequently occur, such 
as the contact of sand with clay at the foot of an advancing dune, 
or less obviously in the water factor, as on the rocky shore of a 
lake. Such gradual and progressive variation of environment 
would normally lead to equally gradual and progressive changes 
in the vegetation and to the establishment of broad transition 
zones between adjacent associations, in which the species of both 
mingle. In most regions of extreme physical environment, occu- 
pied by sparse vegetation exerting little environmental control, 
this condition holds, and the transition from one association to 
another is just as gradual as the change of environment.* 

In regions of genial environment and dense vegetation, on the 
other hand, the nature of the environmental control of two ad- 


* This condition has in fact led some students to complain that it was difficult 
or impossible to distinguish associations in the vegetation of the western states. 
This would be a sad state of affairs if all vegetation were composed of definite organic 
entities, but is quite to be expected when vegetation depends upon environmental 
selection of favored individuals. 
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jacent associations may be, and usually is, very different. Species 
of one association are then excluded from the margin of the other 
by environmental control, when the nature of the physical factors 
alone would permit their immigration. The adjacent associations 
therefore meet with a narrow transition zone, even though the 
variation in physical environment from one to the other is gradual. 

In such regions of great environmental control, the boundary 
between two associations seldom marks the extreme location of 
suitable physical environment for either, but rather some inter- 
mediate position (see also paragraph 25). The removal of either 
association at one portion of the boundary results accordingly in 
an immediate extension of the other. This may be seen around 
many small lakes in Michigan, where a zone of sedge is followed 
in deeper water by a zone of water lilies. Destruction of the 
sedge zone in the shallower water is followed. by the extension 
of the lily zone almost or quite to the shore line. The normal 
landward margin of the water lily association is therefore deter- 
mined not by depth of water alone, which represents the chief 
physical environmental variant, but also by the environmental 
control of the sedge association. 

14. Instances may be cited where the sole environmental dif- 
ference between two adjacent associations lies in the environ- 
mental control. This is notably the case with some types of 
prairie and upland forest in the Middle West. ‘The differentiation 
of two distinct associations in the same environment is then to be 
explained chiefly, if not entirely, by developmental conditions, as 
discussed below under Succession. 

15. The line which marks the boundary of the distribution of 
a species is located at right angles to the direction of the effective 
environmental variant. Consequently the boundary of the whole 
assemblage of species constituting the plant association has the 
same position, whether the variant be purely physical or biotic. 
Since physical factors generally vary irregularly from place to 
place, the boundary and shape of an association are also usually 
irregular. 

Symmetry or regularity in the variation of an important envi- 
ronmental factor may however occur. The most conspicuous 
example is the variation in depth of water or in amount of soil 
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water near the shore of a pond. In such cases, regularity in the 
environment produces a similar regularity in the arrangement of 
the associations. When this is conspicuous enough to attract the 
attention of the observer it is termed zonation. 

Zonation of associations is the exception rather than the rule 
and has no more significance than the usual irregular arrangement. 
Between the two types there are naturally intermediate stages. 
Also, irregularity in other conditions affecting the differentiation 
of associations may operate to disturb their zonation. This has 
been frequently described or figured (see Harshberger, 8, p. 382, 
383) by investigators, generally without a statement of the cause. 

16. The area occupied by an association may be large or small, 
depending on the size of the area available without effective en- 
vironmental variation. Zoned associations about a pond fre- 
quently have dimensions conveniently expressed by meters (see 
Gates, 5, p. 329), while some forest associations are better measured 
by the kilometer. The smaller associations are usually composed 
of fewer species, and are generally of shorter duration than the 
larger ones. They are the product of the same kind of causes, 
however, and are no less important in the ecological study of 
vegetation. 

Since associations often tend to extend their area at the expense 
of others, as discussed below (part VII), the observed size of an 
association is correlated with its developmental history, and must 
always be considered from that standpoint. 


V. THE STRUCTURE OF THE ASSOCIATION 


17. The general tendency of the population of an association 
to migration tends to produce uniform distribution of each species 
within it, and consequently uniformity of the association as a 
whole. This uniformity is one of the most characteristic visible 
features of the association, and has by some been taken as the 
basis for a definition of it (6, p. 36). It is easily demonstrable in 
the small associations and in large ones becomes very impressive. 
The chief value of the quadrat method of expressing the structure 
of vegetation depends upon this feature, since a small area can be 
chosen for intensive study which exhibits faithfully the average 
structure of the whole association. 
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Since migration requires time, uniformity of any species is an 
expression (to be considered in comparison with its mobility) of 
the length of time it has been in the association, and general uni- 
formity of an association is regularly correlated with its age. As 
illustration, the uniformity of a forest may be compared with the 
lack of uniformity in the clearing association which develops soon 
after lumbering. 

18. Excessive seed production is almost universal among plants, 
and leads to a great competition for the environment. The 
number of individuals of a species is therefore an expression of the 
degree of its adaptation to the environment. In the rapid de- 
velopment of an association over a considerable area of ground, 
as a forest clearing, the most mobile species is naturally represented 
at first by the greatest number of individuals, irrespective of its 
adaptation, but as soon as the ground is occupied competition 
restricts it to its proper proportion. 

19. Within an association, minor variations in environment 
may affect certain susceptible species and not others, and as a 
result produce minor deviations from the usual uniformity. For 
example, in an area of woodland in central! Illinois, of otherwise 
uniform structure, a shallow valley is occupied every spring by 
large numbers of Floerkea proserpinacoides. In this case the 
controlling feature seems to be the greater amount of water in the 
surface soil during the spring months. For other plants at the 
same season, and for all plants during the summer and autumn, 
this feature seems to be without effect. 

Recent introduction or slow migration of a species may also 
produce colonies which interrupt the general uniformity. An 
instance of the former case has been described (7, p. 520, 521) in the 
migration of introduced species into the aspen association of 
northern Michigan. Colonies of the second type are generally 
caused by the vegetative reproduction of the species, and the 
resulting compact groups of individuals have been termed families 
by Clements (2, p. 203). 

Among the larger, longer-lived, dominant species, accidents of 
immigration, such as proximity or a good seed year for one species, 
may cause the development of minor groups within the associ- 
ation, characterized by a few or only one of its usual dominants. 
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To such groups Clements has applied the term consocies. Since 
the individuals of these groups occupy the ground closely from the 
beginning, they may exclude completely the development of the 
other dominants of the association until they finally die of old 
age, when contemporaneous conditions will again decide what 
species occupy their places. Since dominant species of the same 
vegetative form have in general similar powers of environmental 
control, the secondary species beneath a consocies are essentially 
similar to those elsewhere in the association. For the same 
reason, the development of minor structural units among the 
secondaries has little or no relation to the composition of the 
dominants. 

Only rigid experiment and careful observation will refer lack 
of uniformity accurately to one or another of the causes suggested 


here. 
VI. SCOPE OF THE ASSOCIATION 


20. Because of differences in the surrounding plant population, 
from which the inhabitants of an area are drawn; because of acci- 
dents of migration and the time available for it; and because of 
environmental differences, no two areas need have identical popu- 
lations, measured by component species and the relative number 
of individuals of each. This is demonstrable even for areas 
within a restricted region, and is especially obvious in a comparison 
of two areas widely separated. For example, no two areas of the 
beech-maple association near the Biological Station of the Uni- 
versity of Michigan show the same vegetational composition, and 
much greater differences are found when those are compared with 
the beech-maple forests of southern Michigan, 500 km. away. 
Still the beech-maple forest has always been interpreted as a 
single association of wide extent. 

Whether any two areas, either contiguous or separated, repre- 
sent the same plant association, detached examples of the same 
one, consocies, or different associations, and how much variation 
of structure may be allowed within an association without affecting 
its identity, are both purely academic questions, since the asso- 
ciation represents merely the coincidence of certain plant indivi- 
duals and is not an organic entity of itself. While the similarity 
of vegetation in two detached areas may be striking, it is only an 
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expression of similar environmental conditions and similar sur- 
rounding plant population. If they are for convenience described 
under the same name, this treatment is in no wise comparable to 
the inclusion of several plant individuals in one species. 


VII. Succession 


21. Any change in the association, from any cause whatever, 
either in the component species or in their relative numbers of 
individuals, marks a step in the development of vegetation. If 
this change eventually becomes so great as to involve the re- 
placement of the original association by a different one, the process 
is known as succession. 

Under this definition, the inclusion of any developmental phe- 
nomenon under the term succession depends entirely upon the 
concept of the association held by the investigator. According 
to general custom, the association is defined broadly enough to 
permit considerable variation in its structure. Any structural 
changes within this limit may be referred to minor or periodic 
environmental changes or to the immigration of relatively unim- 
portant species, and are not considered as succession. 

Just as there is a transition zone in space between two con- 
tiguous associations, where the species of both mingle, so is there 
also a transition period between the disappearance of the original 
association and the complete establishment of the new one, during 
which relic species of the former and pioneer species of the latter 
exist side by side. Causes similar to those which decide the width 
of the transition zone also determine the duration of the transition 
period. This will be relatively long between associations of 
similar or slight environmental control and in cases of gradual 
environmental change, and relatively short between associations 
of different or great environmental control and in cases of rapid 
environmental change. 

22. Arrival within migration distance of a new population 
with similar environmental demands (or overlapping ranges of 
demands) results in fresh immigration and a consequent change 
in the population of an association. This immigration is limited 
to those members of the new population which are adjusted to the 
environmental control of the original association. If these im- 
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migrants are adapted to the new control in a manner similar to the 
original secondary species, they behave as secondaries also, and 
henceforth constitute what has been called the derived element of 
the population. A noteworthy illustration is found in the prairies 
of the Middle West, which invariably contain a number of typically 
forest species, such as Geranium maculatum and Phlox pilosa. 

But if the immigrants are adapted to the original control as 
seedlings and exert a different sort of control at maturity, they 
may themselves become dominant. Their establishment then 
results in the selection of new secondary species, as already dis- 
cussed (paragraph 9), and the completion of the succession. This 
process is illustrated in the reéstablishment of forests on the cut- 
over lands of northern Michigan, where the seedling hardwoods 
appear as secondary species beneath the dominant aspens. Ap- 
proaching maturity, they control the light and soil factors of the 
environment to the ultimate exclusion of the aspens. 

Successions of this sort,, initiated without environmental 
change, whether partial or complete, operate over the entire area 
involved, but will normally be most immediately effective near 
the margin, because of proximity to the source of immigration. 

23. The common cause of succession is an effective change in 
the environment. This may consist of a change in the physical 
factors due to inorganic agents, to reaction of the plant upon its 
environment, due to the cumulative effect of environmental 
control, or to a combination of the two. 

An effective change of environment beyond the range of demand 
of any individual (or species) causes its death (or extinction). 
Such effective changes are usually slow in development. In 
average cases, extinction of a species in an association means death 
of established plants merely by old age and an increasing death 
rate by competition among the seedlings. Violent changes, as in 
the rapid erosion of river banks or the movement of shifting dunes, 
may actually kill mature plants, but these are comparatively rare. 
Death of any plant removes its environmental control and may 
consequently lead to the death of other plants which have de- 
pended upon it. 

Simultaneously with the death of the old population, the 
changed environment selects a different new population from the 
immigrants, and a new association appears. 
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In regions of sparse vegetation, succession is usually due to 
changes in the physical environment. In regions of dense popu- 
lation, the same causes are still active, but reaction is usually more 
rapid and more effective. Physical changes may be retarded by 
control or reaction, as in the reduction of run-off and erosion by a 
forest cover, or hastened, as in the weathering of a rock cliff. The 
effect of slow physical change may also be neutralized for a time 
by the stability and completeness of the more important environ- 
mental control. Thus certain sand hills in Illinois are continually 
losing a little sand by wind action, but this is sufficiently con- 
trolled by the bunch-grass association and no succession occurs. 

In successions due to either sort of environmental change, the 
most mobile species of the invading association normally arrive 
first and constitute the pioneers. The first species to disappear 
are those most intimately dependent upon proper control or most 
narrowly adjusted to the environment. In the climate of the 
Middle West, these are usually the secondary species. Both for 
the reason just mentioned and because of their usually longer life, 
the relic species are more frequently selected from the original 
dominants. 

24. A continued and progressive change in one factor or in a 
group of factors results in a series of successive associations, which 
follow each other on the same area of ground. Familiar examples 
are the decrease in water in the filling of a pond, and the simul- 
taneous increase in humus and decrease in light in the development 
of a forest. 

In any region, similar environmental processes are usually 
operative in many stations, and since the associations of such suc- 
cessional series must be selected from the same surrounding popu- 
lation, the successive stages of the series in all stations are essen- 
tially similar also. Uniformity of successional series may therefore 
be expected only within regions of similar population and upon 
areas of similar environmental change. Thus the stages accom- 
panying the filling of a pond by peat formation are not the same 
in northern and southern Michigan, notwithstanding the similarity 
in process, because of the difference in surrounding population; 
and in either region the filling of ponds by peat and by wind- 
blown sand is accompanied by different successional series because 
of the difference in process. 
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The same environmental processes may not continue in 
operation long enough to effect the completion of the series. Thus 
a lagoon in northern Michigan, isolated from a lake by a sand-bar, 
begins its process of extinction by filling with wind-blown sand. 
For some time this process of topographic filling is more important 
than the deposition of organic material, and a series of associations 
representing a sandy marsh is developed. Later, the establish- 
of shore thickets on the sand-bar between the lagoon and the lake 
excludes the sand. Further filling of the pond then depends 
upon organic deposits, and with the accumulation of peat the 
associations of a peat bog gradually replace those of the sandy 
marsh. 

Another cause of variation in successional series is found in 
the accidents of immigration, which may lead to the establishment 
of several consocies even in the same environment. With all these 
opportunities for deviation from a simple series, it is easy to under- 
stand why carefully constructed successional diagrams are some- 
times so complex (Gates, 5, pl. 39; Sernander, 9). 

25. The duration of an association is merely an expression of the 
rate of environmental change, irrespective of its cause. Associ- 
ations of dense vegetation normally hold their place far beyond the- 
period of optimum environment, because of environmental 
control, competition, and difficulties of immigration, finally yielding 
only when the environment is approaching the optimum of the 
succeeding association. This condition was clearly recognized 
by Cowles (4, p. 79), who termed it “a lagging of effects behind 
their cumulative causes.” 

Stability of an association, whether for a long period or a short 
one, is due to cessation of environmental change, or to the greater 
effect of environmental control. 

26. The location of the initiation of topographic changes is 
theoretically independent of position within the association. 
Practically, however, it is almost always at the margin and of 
such a nature as to produce the environment of the neighboring 
association. Succession is accordingly usually between adjacent 
associations. Progressive changes of environment due to physical 
causes are frequently unilateral, an environmental type appearing 
on one side of an area, advancing across it, and disappearing on 
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the other. The accompanying associations therefore lose ground 
on one side as they gain it on the other, and when the rate of gain 
and loss are about equal the association as a whole may seem to 
change its position. Such progressive changes are usually cor- 
related with a regular or symmetrical distribution of environment, 
so that zonation becomes an epitome of succession. Then the 
transition zone indicates the location of succession and endures 
in the same position merely for the transition period. 

Succession by reaction begins wherever and whenever effective 
reaction is completed. This is normally in the oldest part of the 
association, the location of which may be either central or lateral, 
depending upon the circumstances of its origin. In either case 
the result is the same. Proximity, governing the opportunity of 
immigration, limits the pioneer species in central succession to 
the most mobile forms. Thus, in the central succession of the 
black oak association by the mixed forest in Illinois, the most 
conspicuous pioneer species’is the permobile avevectent Psedera 
quinquefolia (6, p. 136). 

The reaction of an association may also extend beyond its 
actual margin and produce an effect upon the margin of the con- 
tiguous association. If this weakens the environmental control 
in the latter, an advance of the former association takes place. 
This is the case in the advance of upland forest on the prairies of 
the Middle West. Since the sod-forming grasses grow less vigor- 
ously in the partial shade of the forest margin, the sod there is less 
dense and seedlings of forest species can establish themselves- 
The average rate of advance under these conditions was estimated 
by the late Professor Burrill at fourteen feet per year. 

27. Some associations make no unfavorable reaction on their 
environment, live under conditions not subject to effective change 
by the usual topographic agencies of the region, and are not near 
a different type of vegetation better adapted to the same environ- 
ment. In the absence of all causes of succession, such associations 
occupy the area permanently and are called climax. Theoretic- 
ally, all associations of a region tend to culminate in the establish- 
ment of a climax. Many associations, however, occupy their 
ground so tenaciously that there is little or no observable evidence 
that they are ever replaced by the association ordinarily considered 
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to be the climax of that region. Such is the case with the oak- 
hickory forests of the gravel hills of southern Michigan. Even if 
the cumulative effect of exceedingly slow physiographic and biotic 
processes should accomplish this result and lead to their succession 
by the beech-maple forests, the same fate is not necessarily in 
store for similar forests of western Iowa, where neither beech nor 
maple occur. It is always possible, also, that the future may 
bring an effective change of environment, no indication of which 
is at present visible. A slight change of rainfall, for example, 
might lead to the extension of the pine forests of the Rocky Moun- 
tains over the high plains of eastern Colorado. The use of the 
term climax is accordingly largely a matter of convenience, and 
it will be applied broadly or narrowly, depending on the viewpoint 
of the ecologist. 

Since physiographic processes tend toward stability, succes- 
sional series tend also toward the establishment of associations of 
greater duration and the ultimate appearance of a climax. In 
some cases, as the succession of forest by prairie, this involves a 
process which is not usual for our climate, or not commonly ob- 
served, and which has been termed regressive or retrogressive. 
In other cases also, an actual reversal of the ordinary direction of 
succession may be seen, as in the establishment of a pond upon a 
sand dune (6, p. 111-116). Clements denies the existence of 
reversed successions, and attempts to exclude described cases by 
definition (3, p. 145, 146). Measured by the behavior of and 
effects upon individual plants, however, the processes are precisely 
the same as in the usual types of succession: a change of environ- 
ment, the gradual death of the original flora, and the gradual 
entrance of the new, with the simultaneous revision of environ- 
mental control. 

28. Great climatic changes in a region, when they occur, are 
of course productive of proportionately great changes in the 
vegetation, involving ultimately perhaps the complete replace- 
ment of all the original associations by new ones. Without the 
arrival of a new flora in the region, the change in the original 
vegetation as the result of climatic change can consist only of the 
extinction of unadapted species, their replacement wholly or in 
part by species of recent evolution, and of readjustments in the 














480 GLEASON: THE PLANT ASSOCIATION 


plant associations concerned. Such events are so slow that they 
have never been described from observation, and it is extremely 
doubtful if the term succession would be applied to them if they 
were visible. 

The actual effect of climatic changes as seen consists of the 
arrival in the region of a new flora, the establishment of successions 
between its associations and the original ones, and the gradual 
replacement of the latter. It is possible that temperature changes 
have never taken place in the past more rapidly than they are 
proceeding at present, and that is at a rate too slow to be measured. 
The effect of such changes, however, are seen in the northward 
advance of the hardwood forests at the expense of the conifers. 
As has been repeatedly shown by various authors, the successions 
involved here are invariably referable to one or another of the 
causes already discussed in these pages, and no direct effect of a 
temperature change is visible at all, so far as the structure or suc- 
cession of associations is concerned. 

Great climatic changes, therefore, proceed at a much slower 
rate than the normal observable causes of succession. Those great 
successional movements which have marked the development of 
the flora of the continent through all the climatic and geologic 
vicissitudes of the epochs, and whose results are now exhibited 
by the geographical distribution of the flora, are merely the mass 
effects of small successions, coupled with the evolutionary phe- 
nomena of extinction and appearance of species. 


SUMMARY 


1. All phenomena of vegetation, 7. e., of numbers of individ- 
uals, depend upon the phenomena of the individual plant. 

2. The plant population of any area is determined by environ- 
mental selection of immigrants from the surrounding population. 

3. Because of similarity of environmental selection and of 
available sources of immigration, areas of uniform vegetation are 
developed, known as plant associations. 

4. Effective changes in the environment or in the surrounding 
population may lead to significant changes in the vegetation of an 
area. If these changes involve the establishment upon it of a new 
association, the phenomenon is known as succession. 

UNIVERSITY OF MICHIGAN, 
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The development of the spikelets of Zea Mays 


PAUL WEATHERWAX 


(WITH PLATE 23 AND THIRTY-THREE TEXT FIGURES) 


In another publication (8) a description has been given of the 
flowers of maize, in which the chief emphasis was laid upon the 
more conspicuous floral features at the time of anthesis. The 
writer’s present purpose is to consider the two types of spikelet 
from the standpoint of development. 

A number of articles have touched upon this subject inciden- 
tally, but in no case completely, having in nearly every case 
something else as their main purpose. True (7) has given a de- 
scription of the formation of the pistil and the ovule in so far as this 
is of help in explaining the development of the caryopsis. Poin- 
dexter (6) gives a preliminary report on some work of the same 
kind with corn, but, if the work has ever been completed and pub- 
lished in full, I have no knowledge of it. Guignard’s investigations 
on double fertilization in maize added some information, but his 
paper (3) naturally does not describe fully the development of the 
spikelets, and it is not illustrated. Golinski (2), basing his work 
upon Poa annua and Triticum vulgare, has given the most com- 
prehensive treatment that I have been able to find of floral de- 
velopment in the grasses; this includes a good account of the 
literature on the subject up to that time. No reports that I 
have investigated have taken into account the development of the 
various rudimentary organs of the spikelets. 

During the last four years I have had under observation in one 
way or another more than a hundred varieties of maize, which 
have been received from many parts of North and South America 
and may be considered a fair representation of the species. Of 
course, not all of these have been examined in detail, but any 
variety that seemed to be different from the typical in floral 
development was made the subject of special study until the 
nature and significance of the variation were determined. Monoe- 
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cism is the rule in almost all varieties, and the behavior of the 
floral organs, either functional or rudimentary, -is fairly constant. 
This monoecious form is taken as the type for the purpose of 
description, and those varieties having a large proportion of perfect 
flowers, together with the numerous instances of reversion are 
mentioned only as aids in understanding the typical form. 

The development of either of the typical unisexual spikelets 
of maize can best be described by comparison with a theoretical 
primitive spikelet such as occurs in some varieties of pod corn, 
and the like of which is found in several other grasses. This 
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Fics. 1-5. Development of the male spikelet, X 60. G, glume; L, lemma; 
F, flower primordium; S, stamen; P, palea; Pi, pistil; Lo, lodicule (in a portion of the 
section that is not median); W, ovary wall. 


spikelet has two empty glumes and two flowers with four palets. 
Since the bracts have an alternate arrangement on the rachilla, 
one flower is a little higher than the other in the spikelet. The 
higher one, which is on the side of the spikelet toward the rachis, 
is the older. Each flower has a pistil, three stamens, and two 
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lodicules. It will be shown that the present maize spikelet, 
whether male or female, has essentially the structure of this 
primitive one with some of its parts suppressed. 

The spikelet primordium makes its appearance as a rounded 
protuberance on the rachis. The first differentiation to appear is 
in the formation of the lower glume, and it is soon followed by the 
upper one (G, TEXT-FIGS. I, 6, 7). The two lemmae arise almost 
simultaneously with the appearance of the stamens of the upper 
flower (ZL and S, TEXT-FIGS. 2, 3, 8). From the lower side of the 
undifferentiated part of the spikelet now appears the primordium 
of the lower flower (F, TEXT-FIGS. 3, 4, 8), and the palea 
of the upper flower soon follows (P, TrExt-Fic. 9). The 
palea of the lower flower appears much later (P, TEXtT-FIGs. 
5,10). The older flower seems to be terminal and the younger one 
lateral on the rachilla, but it is probably better to consider both 
flowers lateral branches of this axis, which terminates between the 
two paleae. This point, however, should be investigated further. 

In the development of the flower from its primordium the 
stamens are first differentiated; these are followed by the lodicules 
and the part that is left is the primordium of the pistil. 

Up to the time of the differentiation of the primordia of the 
stamen and the pistil, the male and female spikelets have looked 
very much alike, but now, accompanying the sexual differentiation, 
there begins a divergence in the appearance of the two. The cov- 
ering of husks for the female inflorescence, the effects of crowding, 
etc., bring about further changes until the male and female spike- 
lets finally resemble each other so little that there is a current 
doubt, or ignorance, at least, of their homologies. 

In both flowers of the male spikelet the stamens and lodicules 
are fully developed, but the development of the pistils is soon 
arrested, and they disorganize. 

The lodicules begin as small protuberances and develop into 
thick, short, truncated bodies. They are well supplied with vas- 
cular tissue and at anthesis are quickly distended to two or three 
times their former width, very efficiently holding open the spikelet 
while the filaments of the stamens are elongating. The develop- 
ment of the stamen does not differ very much from that in other 
grasses. Cross sections of anthers just before the time of the 
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reduction division (PLATE 23, FIG. 4) show the typical parts as 
described by Golinski, and these, except the epidermis, are prac- 
tically all absorbed by the time the pollen is mature. For the 
greater part of the length of the anther its wall consists of merely 
the epidermis (Fic. 5), but for a short distance at the distal end 
this wall is reinforced by the mechanical layer (Fic. 6). As a 
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Fics. 6-10. Development of the female spikelet, X 60. G, glume; L, lemma; 
F, flower primordium; S, stamen; P, palea; Pi, pistil; Si, silk; O, ovule; SC, stylar 
canal; W, wall of ovary. 


result, it is only at the end of the anther that the loculi coalesce 
in pairs to form the two “‘cells,”” and the opening is a pore formed 
by the turning back of the edges of a short slit extending along the 
anther as far as the mechanical tissue goes (FIG. 7). From this 
pore the pollen grains escape as the wind moves the anther about 
at the end of the long filament. 

The reduction division and maturation of the pollen do not 
furnish very satisfactory material for cytological work. The 


chromosomes are small and hard to differentiate clearly in the 
dense cytoplasm. Kuwada (4 and 5) has made a cytological study 
of a number of varieties and concludes that there is considerable 
variation in the size and number of the chromosomes. The 
haploid number in most varieties of sweet corn is found to be 
twelve, and in other varieties the number is often smaller. To 
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one who is familiar with the plant in its other interesting relations, 
Kuwada’s work, while of much value as far as it goes, is still 
incomplete. There is yet room for a great deal of interesting 
and profitable cytological work on varieties that have been inbred 
for a number of generations, or whose genetic history is otherwise 
known for a long time. If from such work any regularity can be 
found for the different varieties, there will be afforded not only a 
probable basis for improving the present unsatisfactory systematic 
treatment of the genus but also a new field of study in correlations 
between cytological behavior and genetic results. 

The mature pollen grain is almost spherical; the exine is mi- 
nutely roughened, and there is a prominent germ pore (FIG. 8). 
The pore is surrounded by a thickened ring of intine and closed 
with a plate of tissue which resembles the rest of the wall in 
structure. The protoplasm is very dense, and careful staining is 
necessary to make the nuclei visible. The vegetative nucleus is 
irregular in outline and apparently does not have a definite mem- 
brane. The generative nucleus divides before the pollen is shed, 
forming the two long, slender sperms, which are pointed at the 
ends and usually crescent-shaped. 

It is possible that the development of the abortive pistil varies 
in some kinds of maize, especially some of the pod varieties that 
do not produce fruits in the tassel; but there is a remarkable re- 
gularity in all that I have examined. The organ develops as in 
the female flower—which will be described later—up to the time 
when the ovary wall should begin to be formed, but here it stops. 
Sometimes it is merely an oval or somewhat constricted protuber- 
ance (TEXT-FIG. 12), and sometimes there is a slight indication of 
the beginning of the ovary wall (W, TExtT-FiG. 4). Ina few cases 
a large, conspicuous cell has been seen at about the place where 
the megaspore mother cell would be expected, but it is impossible 
to say at this time whether or not it develops this far. The disor- 
ganization begins while the epidermis is still intact and soon 
extends to many or all of the intercellular spaces (TEXT-FIGS. 12- 
15). The organ is usually completely consumed by the time of the 
differentiation of the pollen mother cells in the stamens of the 
same flower, and all that remains at anthesis is a small, shallow 
cup formed by the epidermis of the base of the aborted organ 
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(TEXT-FIGS. 5,15). This is so inconspicuous that it appears that 
many early investigators, working largely from the systematic 





Fic. 11. Longitudinal section of female spikelet, K 60. G, glume; L, lemma; 
P, palea; Ab, aborted flower; Si, silk; SC, stylar canal; e, embryo-sac; oi, outer in- 
tegument; 77, inner integument. 


standpoint, either did not suspect its presence, or looked for it 
and failed to find it. 

The female spikelet is characterized by a suppression of all the 
essentials of the lower flower and of the stamens of the upper one. 
Lodicules are present in both flowers, but they are functionless, 
or, at least, do not serve the same purpose as in the male flower. 
The only functional organ of the female spikelet is the pistil of the 
upper flower. 

The lodicules of both flowers of the female spikelet are, in early 
stages, like those of the male flower, but their development is 
arrested at about the same time as that of the other rudimentary 
parts. This suppression is not accompanied by disorganization, 
as in other parts, but the organs merely stop growing and are 
wholly or partly overtaken by the growth of the surrounding 
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tissues. At anthesis those of the upper flower are seldom visible, 
while those of the lower flower are relatively conspicuous even 
when such flower has a functional pistil. 

The pistil of the upper flower is not materially different from 
that of other grasses. (Guignard’s description is accurate. As 





FIGs. 12-15. Sections showing steps in the decline of the pistil of the male 
flower, X 60. 


he has pointed out (3, p. 43), the pistil seems to be developed from 
a single carpellary ,leaf. The duplex structure of the “silk” 
indicates that it may have resulted from the union of two parts, 
but there is no direct evidence of this. 

After the stamen primordia have been differentiated, the be- 
ginning of the pistil is left as a small, rounded protuberance. Near 
the base of this a ring of tissue begins to grow up and finally arches 
over to form the ovary wall (W, TEXT-FIGs. 9, 10, and PLATE 23, 
FIG. 3). Ultimately the edges of this come together at the top, 
but the union is never complete, a small opening to the inside, the 
stylar canal, being present at the top of the mature ovary (SC, 
TEXT-FIGS. 10, 11). In the meantime, a small projection grows 
up on the adaxial side of the stylar canal, a little distance from the 
latter, to form the primordium of the ‘‘silk.”’ 
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The “‘silk,”’ which is peculiar to maize and teosinte, probably 
owes its unusual structure and exceptional length to the presence 
of the husks that cover the inflorescence. The writer has pre- 
viously called this organ a stigma. Since the use of this term has 
been questioned, a further statement seems appropriate here. 
The difficulty seems to 
lie in finding a consistent 
and generally accepted 
definition of the word, 
stigma. Some writers, as 
Strasburger and a number 
of his students, speak of it 
as a morphological unit of 
Fic. 16. Transverse section of the silk, X 200. the pistil, codrdinate with 
the style and the ovary; 
and others define it as merely that portion of the surface of the 
style upon which pollen grains may germinate. In dealing with the 
grasses it is convenient to speak of the feathery part of the filament 
extending upward from the ovary as the stigma and of the smooth 
part as the style. Strasburger makes this distinction in his text 
book. Many other writers, in describing the grasses, recognize 
the convenience of such a distinction when they speak of the 
“two or three feathery stigmas.” It was not, and is not now, 
the writer’s intention to form a new definition of terms. The 
point intended is merely this: The corn silk, being compound in 
structure and plumose and receptive to its base, is the homologue 
of the ‘two feathery stigmas” of other grasses. If the common use 
of the word, stigma, in speaking of other grasses is inadvisable, and 
a consistent nomenclature is devised, the appropriate use of the 
word, style, for the corn silk is conceded. 

From the very beginning (PLATE 23, FIG. 3) the silk is divided 
at the tip, and this division continues into the mature structure, 
which has already been described (8, p. 133). Two strands of 
vascular tissue traverse the entire length of the organ (TEXT-FIG. 
16). Neither in transverse nor in longitudinal section is there 
any evidence of a tissue morphologically differentiated for the 
passage of the pollen tube, as has been described for other grasses. 

The plumose appearance of the stigma is due to numerous 
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hairs arranged in definite areas. Each hair has its origin in a single 


epidermal cell (see TEXT-FIGS. 17-24) which divides anticlinally, 
giving rise to four, or occasionally five, cells. Each of these cells 


divides transversely a num- 
en 
the middle (TEXT-FIG. 25), 4 
through which the tube Fics. 17-24. Steps in the development of 
a stigma hair. Fics 25 and 26. Cross sec- 


ber of times and produces 
a long filament, the four 5 
filaments being loosely at- 
tached to each other, leav- 
ing an intercellular canal 


17 
in the middle of the hair. 
Some of the filaments are 
longer than others, and, as 
a result, the hair tapers to 
a point, where it consists 
of but a single cell or a 23 
single row of cells. The 


upper ends of many cells of 
the hair are turned out- 
ward, giving the pollen tube 
easy access to the canal in ” 


reaches the main part of ~ 
3 tions of stigma hairs, X 200. 
the silk. It seems that it 
is only through these hairs that the pollen tube can gain entrance. 
The ovary contains a single ovule, which is of a modified campy- 
lotropous form. At about the time of the differentiation of the 
megaspore mother cell, the integuments begin to grow up around 
the nucellus. The tissues on the adaxial side of the ovule grow 
so much faster than those on the other side that, at time of the 
maturity of the embryo sac, that organ, with the tissue immedi- 
ately surrounding it, has been completely inverted. The ovule 
is attached for a considerable distance along one side, and no 
funiculus is present; the embryo sac remains straight, as does the 
developing embryo. The one part of the outer integument seldom 
grows further than the top of the ovary, where it forms a folded or 
wedge-shaped body, closing the stylar canal (TEXT-FIGs. 27, 28). 
The micropyle is formed by the inner integument, and the 
nucellus protrudes through it (TEXT-FIG. 29). 
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The peculiar details of the embryo sac of the grasses have long 
been know, as Golinski (2) shows in his review of the literature. 
In the early stages of devel- 
opment it is not unlike that 
of many other angiosperms. 
I have found in the case 
of Zea Mays no evidence 
of the disorganization of any 
of the megaspores, and it is 
probable that all four func- 
tion as in the group of plants 
of which Lilium is the class- 
ical type. 

In cytological details I 
have found nothing in con- 
flict with Guignard’s de- 
scription (3, p. 44) of the 
mature embryo sac, and only 





those details will be repeated 
in which there is some sig- 





nificant peculiarity After 
the organization of the em- 
bryo sac the antipodals di- 





vide until there are a large 

Fics. 27 and 28. Outer integument anc number of cells—sometimes 
stylar canal. Fic. 29. Micropyle, X 150. twenty-five or more—some 
SC, stylar canal; oi, outer integument; i, ‘ 
: : of which have more than one 
inner integument; Ov, ovule; M, micropyle. 

nucleus (PLATE 23, FIG. I). 

The polar nuclei do not fuse before the fecundation of the egg. 

The abortive stamen of the upper flower of the spikelet de- 
velops in the same manner as the functional one of the male spikelet 
up to the formation of the pollen mother cells; but the loculi are 
much smaller, and the pollen mother cells fewer than in the normal 
stamen. Disorganization begins in the tapetal region, and the 
pollen mother cells are consumed before the epidermis is affected 
(TEXT-FIG. 30). At anthesis these stamens are small, inconspicu- 
ous, disorganized appendages near the base of the pistil (TExtT- 
FIGS. II, 31). 
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The fate of the parts of the lower flower of the female spikelet 
is similar to that of the homologous aborted parts of the other 
flowers. TEXT FIG. 33 shows a section of the flower at the time 
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Fics. 30 and 31. Disorganization of the stamen in the female flower, X 200. 
T, tapetal region; P, pollen mother cells; O, ovary. 


of its highest development, the pistil having already begun to 
decline. So far as has been determined, no spore mother cells 
are formed in either the stamens or the pistil. It seems that the 
decline of all the suppressed organs of the female spikelet begins 
simultaneously, or nearly so, and the difference in age between 
those of the upper and those of the lower flower would account for 
the difference in the degree of development finally reached. 
These organs of the aborted flower are finally reduced to the con- 
dition of the other aborted pistils and stamens, and at anthesis 
the lodicules are the only prominent parts of the flower. As has 
already been noted (8, p. 135), the pistil of this flower is known to 
function with more or less regularity in some varieties. 

The cause of this suppression of some organs in all spikelets, 
resulting, as it does, in monoecism, is unknown. But the fact 
that variations to the perfect-flowered condition sometimes occur 
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temporarily in strains that have for a long time been monoecious 
in character, and that these reversions are, in a measure, capable 
of experimental control, offers a good field for the physiologist. 
Some of the work of Blaringhen (1) evidently has such facts as 





FiG. 32. Lower flower of the female spikelet beginning to be disorganized, 
X 200. Fic. 33. Aborted flower of the female spikelet at the time of anthesis, 
xX 200. S, stamen; P, pistil; L, lemma; P, palea. 


these as its basis. It is a noteworthy fact that the organs that 
are to be suppressed develop normally up to the point where 
rapid growth and sexual development begin, and then rapidly 
decline, and this suggests a lack of adequate nutrition. But, 
before proceeding far on this supposition, we must consider two 
significant facts: In either the ear or the tassel, there is a strict 
regularity in the selection of the sex to be suppressed; and it is by 
starving the whole plant, as when it is grown in a pot in the green- 
house in the winter, that perfect flowers in the tassel are likely 
to be produced. 


SUMMARY 


The spikelets of all varieties of maize begin to form two perfect 
flowers, and monoecism is caused by the suppression of some part 
or parts of all the flowers. The entire lower flower of the ear 
spikelet is suppressed, except in a few varieties, and ordinarily 
only one fruit develops. 

In any single flower the development of the stamens is more 
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advanced than that of the pistil; but the pistil of the upper flower 
of a spikelet is usually more advanced than the stamens of the 
lower flower. 

In the organs in which it occurs, suppression begins at about 
the time of the differentiation of the spore mother cells in the 
functional organs. 

The aborted stamen of the functional female flower produces 
microspore mother cells before it begins to decline, and the aborted 
pistil of the male flower may produce a megaspore mother cell, 
but the organs of the aborted flower of the female spikelet do not 
produce spore mother cells. 
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Explanation of plate 23 


Fic. 1. Embryo sac, E, egg; SS, synergids; P, polar nuclei; A, antipodal tissue. 

Fic. 2. Another section of the embryo sac shown in Fig. 1. 

Fic. 3. Very young pistil, xX 60. 5S, one lobe of silk; W, beginning of ovary 
wall. 

Fic. 4. Section through the middle of an anther just before the reduction di- 
vision, X 50. 

Fic. 5. Section through the middle of a mature anther, X 50. 

Fic. 6. Section from near the distal end of the anther shown in FIG. 5. 

Fic. 7. A mature anther, X 10. 

Fic. 8. Section of pollen grain, showing germ pore, vegetative nucleus, and the 
two sperms, X 550. 


Fic. 9. Portion of a longitudinal section of a stamen of the female flower, just 
before disorganization begins, X 200. E, epidermis; T, tapetal region; P, pollen 
mother cells. 
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